Although spatial variation in the patterns of parasite infestations among host populations may have important ecological and epidemiological consequences, the causes underlying such variation are poorly known. In the context of a long-term study on the population biology of Common Blackbirds Turdus merula , we examined the prevalence and intensity of infestation by Ixodes ticks between birds living in rural vs. urban habitats. The overall prevalence of tick infestations was significantly higher in the rural habitat where 74% of individuals ( n = 130) were infested. This result contrasted markedly with the situation in the urban habitat where less than 2% of individuals ( n = 360) carried ticks. There was no significant effect of the sex of the host on the intensity or prevalence of tick infestations. There was a significant effect of the age of the host on tick infestations essentially due to the absence of ticks on nestlings. Possible mechanisms responsible for the differences between habitats could include differences in tick survival and/or host resistance towards ticks. Previous studies have shown higher population densities and suggested longer survival for Blackbirds in urban than in rural habitats. Given that ixodid ticks are known to transmit pathogens like Borrelia spp. to wild birds, and that Blackbirds can act as reservoirs for these pathogens, the infection patterns observed in our study area provide a suitable situation to study the interrelations between ticks, Blackbirds and pathogens.
In contrast to current knowledge on the effects of parasites on components of host fitness, the ecological and demographic factors that determine parasite infestations remain poorly understood (Goater & Holmes 1997 , Poulin 1998 . Host infestation can affect host survival, reproduction and population dynamics (Begon et al . 1996) . Over the last 20 years, theoretical and empirical studies have shown that parasites can play a role in the evolution of a number of host life history traits (Hamilton & Zuk 1982 , Clayton & Moore 1997 . Different factors inherent to the host, such as sex, age and behaviour, can influence parasite infestation risk (Clayton & Moore 1997) . Habitat selection by hosts may have important consequences in terms of risk of parasitism, and hosts living in habitats that differ ecologically may face different infestation risks (Begon et al . 1996) . The role of habitat selection by hosts on parasite infestation and population dynamics remains largely unexplored (Poulin 1998) .
The Common Blackbird or Blackbird Turdus merula is widespread in the Western Palearctic, living in forests and gardens (Cramp 1988 , Hatchwell et al . 1996a . Its demography and reproductive biology in urban habitats has been well studied (Snow 1958 , Batten 1973 , Desrochers & Magrath 1993 , Faivre et al . 2001 ), whereas only a few studies have been conducted on rural populations (Hatchwell et al . 1996a (Hatchwell et al . , 1996b (Hatchwell et al . , 2001 . Like other species belonging to the family Turdidae, Blackbirds spend much of their time foraging on the ground and in bushes. As a result, they are often infested by ixodid ticks (Humair et al . 1993 , 1998 , Olsen et al . 1995 . Ixodid ticks are common ectoparasites in temperate forests (Barbour & Fish 1993 , Humair et al . 1993 , 1998 . To complete their life cycle these ticks infest a broad range of hosts ranging from small vertebrates to large mammals, including many bird species (Olsen et al . 1995 , Ostfeld et al . 1996 . The effect of tick infestations on the fitness of their vertebrate hosts appears to vary between studies (Proctor & Owens 2000) . For instance, no effect of tick infestation was found in lizards (Bull & Burzacot 1993) , whereas in gulls tick infestations appeared to affect the growth of nestlings (Bosch & Figuerola 1999) . Although a number of studies have described tick prevalences on thrushes and Blackbirds (Humair et al . 1993 (Humair et al . , 1998 , little is known about the factors that can explain spatial variation in tick infestation patterns. Here we report contrasting patterns of prevalence and intensity of infestation by ixodid ticks between rural and urban Blackbird populations.
METHODS
We recorded the prevalence and intensity of infestation by ticks in Blackbirds at six sites in Burgundy (eastern France) over a 3-year period (1997) (1998) (1999) . Three of these sites corresponded to three different large gardens (covering a total area of 80 ha) located in the city of Dijon (47 ° 19 ′ N, 5 ° 02 ′ E) and were considered to be representative of the urban habitat. We estimated that 200-250 pairs bred in these urban areas during the study period. The three other sites were broad-leaved woodlands (Forêt communale d'Auxonne, Réserve volontaire de Villers-Rotin et Asnière les Dijon, total area 110 ha) and adjacent farmlands in the vicinity of Dijon, and were taken as representative of the rural habitat. Between 75 and 125 pairs were estimated to breed in these sites during the study. Captures took place from January to August in the urban sites and from March to August in the rural ones (see Table 1 for habitat, age and infestation status of captured birds). Birds were caught in mist nets. For each individual we recorded the date of capture, and determined its age according to four categories (nestling, juvenile, first-year bird and adult). Based on plumage characteristics as described in Cramp (1988) and Svensson (1992) , sex was determined for adults and first-year birds, but not for juveniles and nestlings. All captured birds were ringed with an aluminium ring (Museum National d'Histoire Naturelle-CRBPO).
On each capture, birds were carefully inspected to detect all visible ectoparasites. Ticks were systematically located on the head, thus confirming the earlier observations of Humair et al . (1998) , and only one individual carried a tick on the tibio-tarsus articulation. Ticks were not removed during inspection, and to avoid pseudo-replication, only the data from first captures are included in this paper. For the same reason, only one nestling per brood was randomly selected for the analysis. A representative sample of ticks was identified as being larvae and nymphs of Ixodes ricinus (B. Faivre pers. obs.). Although it is probable that most ticks corresponded to I. ricinu s, not all of them were determined to the species level. Therefore in this paper we discuss the infestation patterns by ticks of the genus Ixodes .
We compared prevalences between habitats using Fisher exact-tests (Siegel & Castellan 1988) . We tested the influence of sex of individuals, and of month and year of capture on prevalence in rural sites in a logistic regression model (Crawley 1994) . For each habitat type, parasite prevalence was compared between sites using a Fisher exact-test for r × k table (Raymond & Rousset 1995) , whereas parasite intensity was compared using a Kruskal-Wallis test (Siegel & Castellan 1988) . Parasite load was compared between sexes using a Kolmogorov-Smirnov test, and between age categories using a Kruskal-Wallis test (Siegel & Castellan 1988) . Finally, with the use of a permutation test (Siegel & Castellan 1988) , we compared the number of recaptures per individual between parasitized and unparasitized birds in urban habitat; recaptures in rural habitat were too few to allow quantitative analyses.
RESULTS
Overall, 360 and 130 individuals were captured in urban and rural sites, respectively. For eight individuals only the presence/absence of ticks was recorded, so these individuals were only used for the study of prevalence. Thus, sample sizes differ slightly between tests. Ninety-six individuals out of 130 (73.9%) were parasitized in rural sites (Table 1) .
Restricting the analysis to adults and first-year birds, we found no significant influence of either sex, month or year of capture on tick prevalence (Table 1 ; Logistic regression, Maximum model χ 2 = 20.58, df = 18, P = 0.301, proportion deviance explained: 20.6%). In addition, tick prevalence did not differ significantly between the three rural sites in either adults or first-year birds (Fisher test for r × k table, n 1 = 73, n 2 = 19, n 3 = 14, P = 0.17), nor for the intensity of infestation (Kruskal-Wallis, H 2,82 = 4.9, P = 0.086). Therefore the data for the three rural sites were pooled for further analysis. The overall mean tick load per individual was 7.16 with a variance of 52.74. Such a large variance to mean ratio reveals an overdispersed distribution of ticks among birds (variance/mean ratio test, variance/ mean = 7.36, n = 101, t = 44.98, P < 0.001). Parasite load did not differ significantly between sexes (Fig. 1 , Kolmogorov-Smirnov test: d max = − 0.079, P > 0.10). Thus, in subsequent analyses data from both sexes were pooled. Tick load differed significantly between age classes in rural sites (KruskalWallis, H 2,124 = 21.6, P < 0.0001). However, this effect was mainly due to tick load being significantly lower in nestlings than in juveniles, first-year birds or adults (Fig. 2) . Out of 12 nestlings from independent nests in rural sites, none was infested by ticks (see Table 1 and Fig. 2) . There was no significant difference in tick prevalence between the three urban sites (Fisher test for r × k table, n 1 = 201, n 2 = 11, n 3 = 12, P = 0.42). In contrast to the high prevalence of tick infestation in rural habitats, only six individuals out of 354 (1.67%) were parasitized in urban sites, corresponding to one juvenile out of 72 (1.4%) with six ticks, two females out of 127 (1.6%) both with six parasites, and three males out of 97 (3.91%) with, respectively, one, one and three parasites. Out of 64 nestlings (taken from independent nests) in urban sites, none was tick-infested (see Table 1 ).
In order to control for a potential effect of capture date between habitats, only the individuals captured between April and August in both habitats were used to compare tick prevalence between the two habitat types. Tick prevalence was significantly higher in rural than in the urban sites (Fig. 1 , urban: 128 uninfested vs. 2 infested; rural: 19 uninfested vs. 87 infested, Exact Fisher test, P < 0.0001).
In urban habitats, only five adult or first-year birds carried ticks when they were caught. One bird died for unknown reasons during handling, two were recaptured only once during the same year (respectively 1 and 2 days after the first capture), whereas the two others were never recaptured. For each infested individual that had been captured, we considered the recapture probability of uninfested individuals of the same sex and age captured at the nearest date in the same season. From our database, we obtained seven uninfested individuals. All these individuals were recaptured on more occasions (mean number of recaptures: 16.6 ± 3.9, Permutation test for two independent samples, P = 0.027) and the time intervals between recaptures were longer than the time intervals for infested birds (number of days between first capture and last recapture, 92.86 ± 11.26 days, Permutation test for two independent samples, P = 0.028). These results suggest that infested Blackbirds in urban sites might have been transient individuals, possibly of rural origin. Owing to logistic limitations, the capture effort in rural sites was lower than in urban ones. Accordingly, the recapture rate in rural habitats was also lower, with only seven individuals (one uninfested and six infested) having been captured more than once. The mean time interval between consecutive captures of infested birds was of 295.5 ± 88.23 days, n = 6. The low number of uninfested recaptures ( n = 1) did not allow us to compare recapture intervals between infested and uninfested individuals in rural populations.
DISCUSSION

Patterns of infestation by ixodid ticks in Common
Blackbird populations did not vary significantly across months and years of capture in either rural or urban populations. However, the prevalences differed markedly between the two types of habitat, with ticks being far less abundant in the urban habitat. In the rural habitat, the distribution of ticks was aggregative, as is usually found for Ixodes ticks (Randolph 1975 , Boulinier & Danchin 1996 . One factor that is likely to affect the distribution of parasites, such as ticks, with horizontal transmission is the density of their hosts. Horizontal transmission of parasites takes place between unrelated hosts either due to direct contact with hosts or active parasite dispersal and colonization (Heeb et al . 1996) . The ancestral habitat of Blackbirds includes woodland edges and clearings in forests (Gibbons et al . 1993) . They are now among the most conspicuous and most common bird species of woodland, farmland and urban habitats. The spread into urban habitat has resulted in increased abundance and a much higher density than in rural habitats (Snow 1958 , Hatchwell et al . 1996a . However, in the present study, high density of urban Blackbirds was not associated with higher tick infestation compared to the less dense rural populations, suggesting that other ecological factors possibly associated with different management practices, and other hosts besides Blackbirds, contributed to shaping the observed differences in infestation patterns. Such habitat-specific factors could correspond to differences in tick survival, host exposure and /or resistance to parasites.
Recent studies (Bennett et al . 1995 , Sol et al . 2000 have suggested that spatial variation in the prevalence of parasites may be linked with differences in the risk of infestation. The life cycle of ticks requires the presence of at least three different hosts to be completed (Doby et al . 1994) . Final hosts of ticks are often medium-sized to large mammals like Hedgehogs Erinaceus europaeus , Roe Deer Capreolus capreolus , Wild Boars Sus scrofa , or Red Foxes Vulpes vulpes , which are absent or present only at low densities in towns (Doby et al . 1994 , Ostfeld et al . 1996 . Ticks might thus not be able to complete their life-cycle in urban habitats. Another explanation for the habitat difference in tick infestation is that ticks might experience high mortality in urban habitats because of unsuitable vegetation (Fourie et al . 1996) , microclimatic conditions (Bertrand & Wilson 1996 , Perret et al . 2000 and possibly pesticide use. The well tended parks and meadows that form most of the urban habitats might prove unsuitable habitats for tick survival and reproduction (Daniels et al . 1996) . Alternatively, differences in tick infestations could be due to heterogeneity among hosts in susceptibility to infestation. Heterogeneity in tick infestations could have a genetic basis or could be due to differences in acquired immune responses (Devaney & Augustine 1988; Rechav 1992 , Sorci et al . 1997 , Heeb et al . 1998 . A direct way to test whether differences among Blackbird populations have a genetic basis or, alternatively, are due to acquired immunity would require controlled experimental infestations of Blackbirds and examination of the resulting changes in parasite and host fitness (Devaney & Augustine 1988; Heeb et al . 1998 , Sol et al . 2000 .
Only a few Blackbirds were found with ticks in the urban sites. A possible source of limited tick infestation in urban parks could be associated with ticks attached to domestic dogs that would occasionally detach themselves from their hosts. Our results suggest, however, that infested Blackbirds in urban habitat might have been transient individuals that were only passing through the area. Although the sample size is small (six), infested individuals that were recaptured in rural habitats remained in the study area for longer periods than infested individuals in urban sites. Furthermore, uninfested individuals in urban sites were recaptured more frequently than infested birds. Given the higher infestation prevalences in the rural habitats it is possible that the few infested birds captured in the urban sites were individuals dispersing from rural areas in search of new breeding habitat. Recent studies have shown that ectoparasite infestations can affect the dispersal behaviour of their avian hosts (Heeb et al . 1999 , review in Boulinier et al . 2001 . It is thus possible that infected rural Blackbirds might be more prone to disperse in search of suitable breeding habitats and are subsequently captured in urban parks. Only a long-term study with an analysis of significant bird recaptures from different habitats will allow examination of this hypothesis.
The striking contrast in levels of tick infestation between rural and urban Blackbirds raises the question of whether tick infestations affect Blackbird population dynamics. Studies on Blackbirds have shown that breeding densities, and possibly bird survival, are higher in urban than in rural habitats (Snow 1958 , Hatchwell et al . 1996a ). Such differences could be associated with differences in predation risk, food availability and competition with other bird species, but they could also be associated with differences in the risk of infestation with parasites and pathogens. Blackbirds are regularly infested by ixodid ticks that carry the Rickettsia Borrelia burdorferi (Humair et al . 1993 , 1998 , Doby & Bigaignon 1997 , Humair & Gern 2000 . The persistence of Borrelia pathogens in endemic areas requires the involvement of reservoir hosts like small and medium-sized mammals and terrestrial birds (Humair et al . 1993) . Although bird carriers of Borrelia appear to be 'healthy' individuals, no study has yet examined whether borreliosis directly affects the fitness of wild birds. A recent experiment with Redwings Turdus iliacus showed that the induction of physiological costs imposed by migration will result in the reactivation of borreliosis, while non-migratory birds are able to maintain undetectable levels of Borrelia (Gylfe et al. 2000) . The results by Gylfe et al. suggest that immune responses by birds towards Borrelia are costly and cannot be fully maintained during migration (Read & Allen 2000) . The differences in tick prevalence found in this study raise the possibility that, if ticks around Dijon are carrying Borrelia, Blackbirds in rural habitats should also have higher rates of Borrelia infestation than Blackbirds in urban habitats. Future studies should thus address the importance of tick infestations, and possibly associated borreliosis, on the population dynamics of Blackbirds in contrasted habitats.
